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GENERAl DESCRIPTION 



The f ICO Model 221 fleclranic Vollt^Qhm Meter is a hlph quohty 
VTVM (hot if eipeeiolly suited for use In television, f-m # end o«m radio ser- 
vicing. featuring © rugged end easy reading 4 1/?" meter, this iniffumeaf 
provides entireiy electronic meesuiwiMHnflof emc voltage, dhc vdteg*, decibels 
and rfiiitcncB . 

Complelf overload protection if provided elictnnjcplly an all a-* 
voltage, d-c voltage, and ohm me ter ranges* To eliminate ill* need lor revers- 
ing the rest leads on d-c vortc^e mto»rfewsrkt (when a negative d-c voltage 
if to be measured), positive and negative d-c positions have beta provided 
on ihm function switch* A. zero centring position on lb® mflttr facilitates 
discriminator afignmiifit in f-m and cMNc eifwii*- 

This inafrunMnl allows measurement©! d-c «nd #-© voltages up to 1 000 
volts in five ranges. The d-c voltage range con be extended to 3G r 00Q volt* 
with the OCO Model HVf>-t High Voltage Prate- Another accessary, the 
EICO Model P-75 ItF Pfdbe extendi the fre^uwcyiwtii of the- instrument (3A * 
200,000 cf») to 200 Me* 



The nodinp on the d-c voltage ranges are accurate within 3% and on 
the o-a. ranges within 5% of full-scale (jib* multiplier resistors used are ««v- 
Tale within 1%)* As the Input impede nee i* 25 megohm* an d-« and 3 mug- 
ahms on a- c voltage rufiyfi, the current drawn by the instrument is negligible, 
so there If no problem of error due to circuit loading. A balanced bridge 
circuit maintains constant pc curacy despite variations in line voltage. 

On the ahmmetef ranges, advantage Is taken of the high sensitivity 
of the d-c ampE ifler ta provide resistance measurement up ta 1000 megohms 
using only the I l/2 volt battery* Thfr feature avoids i wty danger to delicate 
apparatus that may be tested with the Instrument, since it criminates the high 
voltage normally encountered In high resistance moeiurifg circuits, 



The uw of the instrument will benefit from direct reading S«!c* ( 
simple operation r and the dependable quality that retails born high grade 
component), and careful engineering, and testing In the field- it will prove 
tn be an extremely valuable tool for signal tracing, alignment, fur voltage 
and resistance measurements in television and radio receivers, and far testing 
many types of electrical equipment. 




SPECIFICATIONS 



D-C Veltgoe Ronaesi 
0 to 5, 10, 100, 500, 1000 veil* 
ft® 30 K V wjih HW- 1 premie) 

Input impedance: 15 Meg. 

A”C Valhiflft Ranges: 

0 to 5, 10, 100, 500, 1000 voiti 
(5 pec iel scale for 0 I® 5 volts) 

Input impedance: 3 Meg - 

Ejedrarfe Qfumnetef Ranges: 

0 to 1000 ohml r 1 0,000 ohms, 

1 Meg., 10 Meg., 1000 Meg, 

(Measures from 0, 1 a linn to lOOO Meg,} 

Decibel Ranges; “10 to *■ 55 A 

fffecfijencY Range: 10 - 200,000 tps 
(Mp to 200 Me with F _ 75 probe} 



Accuracy: d~c volts, ohms — 1 3% 
o-c volts — i 5% 

Power Su-pofy: U5v, 50-50 cps, l©w 
Ohm me ter fatftey I 1/2 v dry cell 

Tubes- 6X5, £B6, 6SN7 

Overall . width -6 in., 
height — 9 ?/16 in, , depth —'5 in, 

Wejgfftt: 10 pounds. 

Cabinet- Hue yrey wrinkle 
lacquer on steel 

Porwh 3 color , deep etched 



operating instructions 



INI T I A L ST FF5« Check the nwclionlcol £*fo idjwlmtnl ©f rite meter pointer 
when die power is off . if the pointer ii off zero, turn the slotted screw direct- 
V beneath die meter face until the pointer is brought to zero. 

Plug the line cord into die £0 cycle, 115 volt a-c supply, turn the 
power en with the p ON-0fF“ ieiteh ( and a flaw a nOmtbl warstMuplwie (about 
One minute}. 

Insert the phone PI |on the DC test leedE), In the DC |adk # J1 # 
cm the pone!* Insert the pin (dug* P2 (on lb* AC-OMMS test leodj, *« the 
AC-^HMS jodc , H r on the panel . Insert the banano plug, P3 fen the COM- 
MON test lend), into die COMMON jock, J3, on the panel. This 

is die COMMON lend for oil functfem, 

CAU TION: Never connect the COMMON leod to a hi^i vol tage point at . 
th is will place the meter chassis end case at a high voltage above ground. 

When working With high voltages, Ovwdlcenlaet with or close proximity 
to high voltage (taints. If possible, attach the test leads vdth the power off in 
the circuit to be measured. After the leads mm attached, tarn the power m 
and take the reading. 

EK VOLTAGE MEASUREMENT: Set the FUNCTION twitch ta *+00 or "-DC 
VOLTS", the RANGE switch to desi red voltc^e rangeland then use the ZERO 
ADJ. potentiometer to bring the meter pointer lo zero*. Crip the COMMON 
leod to ground or the lew side and touch the DC probe fa the high side of die 




source iq be On line 5V and SOW rar^es, fend the 0-5 AC-DC 

icalt (block}; on the I0V # lOOV r and I00CV ranges T read the 0*10 AC*DC 
scale* 

A-C VO L TAPE MFAS UREMENT* Set the RJNC TlON twite Ji m "AC VOUS", 
^e^ANGi switch to the desired voltage range, and then use due ZERO ADJ. 
fMtentiumetif fa bring tire meter pointer to rero*. Clip the COMMON lead 
to ground m the law side and touch the AC-OHMS probe to the high side of 
the sous# to h# measured . On the- 5Y range t reed the special 5 V AC seal r 
[red); on the SOW ronge, read the 0"S AC HOC seal* [blnrt); an the IW, 
I0W, and lOGW rouges, food the CMC AC -DC scot*. 

KISETANO MFASURJMFNTr Set the FUNCTION switch to "OHMS” and 
^el^ANCf switch to Hie drjfred ohms range; connect the COMMON lead 
to lb# AC-OHMS lead and then use the ZERO ADJ. to bring the metes pointer 
to zem; separate the COMMON lead from the AC -OHMS lead and then use 
the OHMS AD J* potentiometer to set ihemeter pointer so that it reach exactly 
fall -scale. Clip the COMMON lead to one terminal of the ynk«wifsistoTta: 
and touch or connect the AC’-OHMS probe to the other temii not. Read the 
OHMS seal# ©n the meter. On the RX I range, read the OHMS scale directly 
in ohms; an |X)0 i RKlODQ, and RXSO # 0DO ranges, wullifty the scale reading 
by 10, 1000, and IC,GG0 respectively and nod in ohms; on the RXIMEG 
range, read the scale directly in megohms. Notes The small reading noted 
on th# lowest range is the resistance of the loads* 

CAUTIONt Never leave the FUNCTION switch set at the OHMS 11 position 
m this will greatly shorten the fife of the ohmmeter battery* 

DECIBEL MEASUREMENT? The instructions for decibel measurement ore th® 
»mt ns hr o-e voltage measurement except that the DB scale is read. To 
the reading on the Di scot*, odd the number of db shown on th# meter os 
©orresfonding to the o-c voltage range used. Correction Iot measuring across 
different enpodemces is included in th* APPLICATIONS section under 'OUT- 
PUT Merer, 

ZERO-CENTER INDICATION: See APPLICATIONS section. 

APPLICATIONS 

OUTPUT METEBt When the RANGE switch ii set at 10V and the FUNCTION 
switch it set at AC VOLTS, the power level in o 500 ohm circuit con be read 
directly in fteeibels on the DB scale, whicli is calibrated from - 20 to *- 1 5 V B, 
based on q reference level of 6.0 mi Mi watts and 500 dims. This reference 
level is madeed ‘'CP 1 decibels, and corresponds, to 1.73 vac on the 0-10 unit 
scale. To measure higher levels, proceed ai instructed in the OPERATING 
INSTRUCTIONS section under ’’DECIBEL MEASUREMENT* * 

The DU scale on 'the meter Is calibrated across a SCO ohm line, if the 
DB measurement Is being mode across on impedance other than 500 ohms, me 



*See note on electrostatic pickup in the MAINTENANCE uectiun, page 9. 

- 4 - 




fFie correction fable brlow to ntifain the number of 08 (corresponding 14 the 
actual impede nee) that has. to be added to w subtracted from the measured 
wiiie* This correction is separate from Hi* correction mode for the a-c volts 
range used. 



ACHJAt 

IMPEDANCE 

4 ohms 
8 ohms 
16 dhm$ 
SO dues 
75 ohms 
150 ohms 



CORRECTION 

FACTOR 

♦ 21 db 

♦ 18 db 

♦ 15 db 

+ 10 db 

♦ 8.2 db 
+ 5.2 db 



ACTUAL 

IMPEDANCE 

290 ohms 
300 ohms 
500 ohms 
600 ohms 
1 000 elmrs 
2090 ohms 



CORRECTION 

FACTOR 

4 4 db 
4 2.2 db 
0db 
-0.8db 

- 3 db 

- A db 



RECSVTR AUGNMfNF: To me the Ofi scale For receiver of ignrnenfc 1} eco- 
n«cl the AC-O HIMS probe nod the COMMON lead across the voice coll; 2) 
set the FUNCTION switch at AC VOLTS and The RANGE switch at 10V; 3) 
feed a 400 eye I e modulated r-f or |-f signal Into the receiver* Kemp the re- 
ceiver volume control of maximum, and adjust the signal generator output to 
produce a mail dtflectbn on the DB scute _ As □ ligament adjustments ore 
made, thus increasing the sensitivity, the DB scale will show the improvement 
directly In decibels. The effective attenuation of wave traps. In decibels, 
can be determined by noting the decrease in dec ibeb as the trap is Tuned through 
resonance* 



Z EftO-CENTER APFlICATIONSt In tome applications, fat example In ai$gn~ 
ing the discriminator in f-m or a-d-c circuits, it is convenient to use a zero - 
center d~c voltmeter t because the d-c output of the discriminator changes 
fro* + to - to + o* die secondary of the discri min ator transformer is tuned or 
o$ the input frequency is varied above and below resonance. 

Zero-center indication con be obtained 00 fo! laws: 1) set the FUNC- 
TION switch at either ,, +DC* or *-OC VOUS", 2) set the RANGE switch at 
“5V" {higher if necessary)? 3) him the ZERO ADJ, knob to bring the meter 
pointer to the special zero mark f“Ot) beneath lire center of the DB scale; 4) 
conmxt the COMMON lead to the four side of the discriminator load; 5) con- 
neat the DC probe to the high side of the discriminator load; AT refer to the 
special center semis sera made; when the secondary of o conventional discrim- 
inator is correctly tuned. Hie DC output % xera and die meter will indicate 
zero. 



fmm OUTPUT IN WATTS; Use formulas Waft* ^ tiff 

EX AM PI E: The maximum «ndi*hsrt«d output voltage across a 2 ohm load Is 5 
volte* 

Power Output = ^ - 12.5 Waits 

1 2 



OSCILLATOR STRENGTH: The negative dewkiipedo?! wallfl” 

tor grid is always directly proportional to the strength of asci I Inti on * This 
voltage con be measured very sreadSfyof dw osci I lalor grid while the band 
switch it turned to the various bands, and in each of Its positions the main 
toning condenser is rotated from nwromum capacity, IhSs wtl I give on Indica- 
tion of the strength of oscillation of all frequencies within the oscillator** 
range. 

A-V -C VOLTAGE: The automatic volume control voltage developed by ih* 
incoming signal ©on be measured at o number of places In the receiver * Tbit 
negative: voltage first appears across rite diode load resistor* It may also be 
measured a tong the ®rv-c bus and at the grids of the f4 tubes beii^j controlled. 
The tHe voltage measured ®t the diode hood rnidor is a very convenient out* 
put indication during receiver alignment. 

Owing to the high input resistance of thfe Instrument* It is possible to 
measure bias (inm:) voltage on the grid of r*f ond t-f amplifier tub®* without 
disrupting the signed. 

Q-C SUPPLY VOLTAGES: Power supp ly d-c voltages ©an be measured at the 
recti Fief filaments and in the filter circuits. Plate, Screen, and cathode d~c 
voltages ©an be measured at the corresponding pins of the tube sockets* 

BIAS CEIL VOLTAGE; This Irtftfumerit wi II oec wuteiy measure riie voltage of 
a bias cell. Carren* drawing voltmeters are not capable of making this meat** 
urement and in many cases wil I damage the cel I* 

TFiEVlSlClM RECEIVER ADJUSTMENTS: Ttds instrument will aieseuretbe d-c 
vol luge developed ocross the second“datecf or load resist or i n the picture channel 
of a television receiver* This measurement Is most useful when adjusting art* 
ten hq orientation as well os when adjusting antenna matching sections* 

GASSY TUBES: One effect of a gassy tube is to reduce the normal negative 
grid bks r or even make the grid positive. This instrument Is Ideal for mere* 
uring the voltdge directly at the control gridaf any lube in order to determine 
whether or not fte* effect is present. Excessive gat will cause the tube la ream 
operating normally, and Incm audio amplifier will i«mally©<»iseth®valufiie con- 
trol to become noisy* Ibis amount of got will not always produce a noticeable 
change In the operation of the radio receiver. Consequently If repeated diffi- 
culty is experienced with volume controls becoming noisy* in this type of ci*- 
cu!t l this instrument should be used to check for Incorrect bias* 

A-C VOLTAGES; The ik volfmeter within ih# Instrument is extremely useful 
in measuring all o - c voltages encountered in the average radio receiver. The 
measurements that can be mode include d I vtltogsi from power transformer 
secondaries, audio signal voltages at grids and plates of amplifieix, and audio 
voltages developed across the output transformer or voice ©off {os an indication 
of output during receiver alignment). 




ACCESSORIES 



ft-F PROBE P-75 (Kh An PCD R-F fxribe (MSlt - Sett form* M$- factor y 
wjrcd) for US# in measuri rig voltages up to $0 VotH ©nd to 200 Me il avoiloblt 

to extend fh# uSUi oF the instrument. This probp is simply plugged Into the 
OC foek of if* imiruffiefi and the c-f voltages or# read on the tegular O-G 
soolw< 



HiOH VtXTAGE PROSE HVP-h An ElCO High Voltage Probe HVP~1 (factory 
•wired only) fot measuring d~c voltcfcjes up to 3CKV is aval I able to extend the- 
mes of fine instrument. The probe may be supplied with a mufti pfisr resistor 
of 240 Megohms to give a high vo Huge range cf 10, TOO volts nr with a fflulti- 
plicr resistor of 740 Megohms to give a high voltage range of 30,000 volts, 

C 1RCU1T DESCRIPTION 

GfNIRM: The totter measures either d-c or a-c voltages by making use of 

fine rectifying and amplifying chcrarteristrei of vacuum tubas. If# Input 
Impedances are very blgfh (d-c - 25 megohms, a-c - 3 megohms),, and the 
ament used to- actuate the indfrcctingmetar is not taken from the circuit being 
measured, A bridge circuit, used to stabilize the operating voltages of the 
tabes, provides constant accuracy despite fin# vur rations . When used os an 
ohm meler r tW i ns trum e n I wi ll measure resistances between zero and 1000 meg- 
ohms. Decibel measurement; between - and + 55 db con be mad# using 

lb# D8 seal#. 

Q-€ jkMPllHEi CIRCUIT: {See Figures f and 3-) A balanced hridye circuit if 
used in rib# d"o amplifier, comprising the twin triad# V“2, a common plain 
load resistor R*3, and the feaJ©nG»d cathode load resistors lt“ 10, ft-l 1 , «4 
R-12. Ih« meter M-l 2s rortneckd across the two cathodes of V— 2_ In the 
normal condition, a reference current flows through V~2B , which has □ ground- 
ed grid. Current flow through V-2A if adjusted by means of the 2.ERO ADJ. 
control R-12 to equal the current flow In V~2f, The meter then reads zero. 

OPERAT ION AS A D-C VOLTMETER; {See figures 1 and 3) The circuit fat 
operation of a d-c voltmeter if os Fallows; The unknown voltage f* applied 
across the connectors J-l and J-3 (ground). The HLfNCTlON switch S*3 
■connects the range voltage divider across J**f and ground. A voltage r depend- 
ing oft the RANGE switch settling, is then applied to the grid af d-c amplifier 
V-2A* This grid voltage imbalances the bridge circuit, and the meter is 
deflected in direct proportion to the unbalanced current* 



QPFRATION AS AN A-C VOLTMETER fSe* Figures 1 and 3) The circuit lor 

Operation os an o-C voltmeter It US fal laws; The un known a-c vol tog# is opph 

ied across the connectors at 3-2 and J-3 (ground)* The FUNCTION switch 
applies the voltage lathe rifode rectifier V - l. The d-c output voltage of VI 




is then applied to Hw voltage diviiitf* Adi voliage, depending on riic 
RANGE switch setting. Is then applied to tfue- grid ©f d-c amplifier V-2A. 
The remain frig portion of SJ-c voltmeter opera N On Is the Mire os the d r volt- 
meter operations, f he n -c circuit IS CtlfO USed for decibel meaturerieith but 
the readingi ore made OH tb* DB stole. 

Of EftATiQN AS AN f See Figures 1 and 3) The circuit Far opera- 

tion ai an ehffimeier ■$ as follows: Hie unknown resistance 7* connected across 
tonruecfoti J-2 and Jf-3* The FUNCTION switch connects the rang-e vdtogi 
divider end battery 6-1 across Jh2 and ground, A voltage, depending on the 
RANG! switch setting, is then applied to the grid of the d~c amplifier V--2 A, 
The remaining portion aF the ohmmeter circuit follows the tome pattern as the 
<h*c voltmeter circuit. 



POWFR SUPPLY t (See Figures I and 3) The operating potential for the d-c 
oimpl iFjsf V~2A Is obtained from the full wove (rectifier V“3. The 1+ output 
of the rectifier Is suitably filtered fey R-l, R"2, and C-2* R lament voltages 
For all tubes ure obtained from the 6.3 volt winding of the power transformer 

T-l. 





iaajunxe nance 



1. CALIBflATtDN; After construction of the Instrument beompltkd* it h 
necessary to carry Out the colibrat'on proceduTe deicr rbe-d below. 

If a change occurs, in the accuracy of instrument a Aero lorn ■period 

<rF use, it |k pfchabiy dbe to eging of the companents., IThe accuracy off tW 
iriKtrumcnt tncry readily be restored by repeating ib** calibration procedure. 
Reeolihratfon will also be necewory, whenever parts {tube** etc.)ar» ireploctd* 

A+ the procedure deier^bidl in "INITIAL STFPS 11 

in the CFERATtNG INSTRUCTIONS section* in addition, cheek to see that 
die iiolotfoA resistor, R-31* is properly collected wilWn the D~C test probe* 

i, D-C VOLTMETER CAIIBKAHQN: {See Fig* 2) To calibrate the d-c 
vaftoge ranges, use two flashlight lotteries connected Jo Series. The ter mi™l 
voltage will Ke 3.10 volts when Fr«fi harferiesttre uted* Set tbf FUNCTION 
switch to MX” and the RANGE switch to "5V_ Short the O-C {red) probe 
to the COMMON lead (ground) and turn the ZERO ADJ. control unti I the 
meter pointer it a t mu (ignore any c hauge oiler the test I each ere disconnected). 
Connect the ba ttcri l-s between the D-C rest leads with the COMMON (ground) 
lend touching the pewltiwe s ide of the batteries* Adjust the N -DC" calibration 
potentiometer K-29 until a 3„ JO volt reading is obtained on the meter {3- 10 
on file 0 to 5 D~C scale)- Id cofi brats the ,I *DC SI voltage ranges* repeat the 
above step* with the FUtdCflON witch ret at "tOC” and ffw pmitiin) end of 
the cell* connected to the O-C prdbe. Adjust the # *OC“ col [bration potentlo - 
meter R"27. 

NOTE: The electrostatic pickup which appears on the lowa-c and d-c vol lage 
ranges.* when cither the AC*GHM$ or DC pidbe is field Of touched is normal 
In a sensitive vacuum tube voltmeter* due to the extreme sensitivity of the 
instrument. However* If the A£“OHMS or DC probe {depending upon the 
Function) is shorted to the COMMON (ground) toad when the zero adjustment 
H made, the zero obtained will result In correct meter readings end no error 
will he introduced because of electrostatic pickup* 

C, A-C VOITMETFR CALIBRATION: (See Fig. 2) Te calibrate the c-e 
voltage ranges, set the FUNCTION fwlfch 0® “AC 11 and the RANG F SWiVdh at 
“lOOOV*. Short the AC-CHM5 (black) test lead to the COMMON lead 
[ground) and turn the ZiftO ADJ* control until the meter poi n ter Irt ot «eio* 
Turn the RANGE twitch to the "5V position and adjust the A - C shift balance 
potentiometer, R-5, until the meter pointer returns to zero. Then tom the 
RANGE switch to the *S 00V posltfanj the teetor psfsder showM mev* very 
tilde* usually not at all « Connect the COMMON and AC “OHMS test leads 
to the US volt A-C supply end adjust the? A-C calibration potentiometer, R30, 
until the meter reach 1 IS volts* Calibration with the IIS vol t A“C Supply wi II 
result In the instrument being accurate within 5%. If greater accuracy is 
desired, Ate instrument should he calibrated against a known* standard A-C 
voVtage* 




D . OHMMfTER CALIBRATION : JNd leparate calibration required . 

2. EAT T FRY REP LAC EMENTi Whan ills no langar possible to adjust the meter 
pointer to Full -stole deflection with fhe OHMS ADJ. potentiometer, the batt- 
ery is probably at fault. Hull battery if a standard 1.5 volt flashlight cell 
and 10 may be readily replaced. 

NQTtt Vfliea replacing the battery, make certain that polarity f* observed ci 
shewn in the schematic deny mm, Recnl Thiot ion cinat required when the bakery 
it replaced . 

EICO REFAIR SERVICE 

If your Instrument fails to function properly and flu cause of the trouble 
is not apparent, you gnay return if to the FfCO repair department whet© I r will 
be repaired for a nominal charge. 
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PARTS LIST FOR MODEL 221 



UJ 




Drnti ipTion Ami. 


ttj 


Sym . 


f?£§€4%^i£fi 


Amt, 


St.* 


Sym. 


tWrlption Amt. 


100 


il 


pilot Ugh*- 1 


130 


H25 


meter woth*r 


..4 


158 


89 


-- 


I 


$01 


m 


1 .5 v battery. . . 1 


131 


W2* 


ground \\jg. + + *+ . 


<■ , 5 


159 


RIO 


! K ohm rn. * * % * - - 


1 


102 


Cl 


. 002 irfd cand 1 


132 


H27 


pat gMTAvrto lup- - 


..1 


159 


ill 


IK ohm re*. •» •-'4 - - 




jCCl 


C2 


(liter - 600 *- ..I 


133 


H2S 


t/4* + 


-*2 


1*0 


812 


IK ohm pot od| Mat 




104 


C3 


* I 


134 


M29 


P 10-24 cigt...„. 


,.s 


1*1 


813 


9. 5 ohm 1 % dim a«t 




105 


C4 


,0f mid muL - . - , , 1 


135 


1130 


3yfr* took trtdwf, 


.10 


1*2 


814 


95 dvt 1% r*i 




102 


CS 


.002 erfd ten* -1 


13* 


vm 


3/B" flat wosVier. 


..4 


1*3 


MS 


9.SK dn 1% res. , 


Jl 


106 


m 


pane! rt 


137 


H32 


3/8" hex mit.... 


.. 9 


1*4 


11* 


95K <4m i%re*... 


J 


107 


m 


rhnnU. .1 


138 


H33 


wtrt * + ***- 


nail 


1*S 


817 


9.5M nkm 1% re*. . 




iafi 


m 


cabinet ^ * « - % * * 1 


132 


H34 


last lead wire. # _ 


.♦J 


16* 


818 


SMehm l%nes*..* 




m 


H4 


handle. ... . 1 


140 


W35 


shielded' .. > 


pa- 


1*7 


RI9 


4.SM dun 1% re*. , 
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